ABSTRACT -This study evaluated the post-acidification, stability of anthocyanins and antioxidant activity in açai yogurts and fermented milks for 28 days of cold storage. For the determination of post-acidification and stability of the functional properties of açai yogurt (IA) and fermented milks (LFA), products stored at 4°C were evaluated on day 0 and every 7 days for pH, titratable acidity in lactic acid, instrumental color, anthocyanins and antioxidant activity by the DPPH free radical method. Acidification of both food matrixes was more evident between days 0 and 7 of evaluation. IA presented reduction in parameter L *, while chromaticity a * and b * of IA and LFA increased as the Açai pulp content increased; however, considering the evaluation period, it was found increase in L * and b * relating to anthocyanin degradation. Anthocyanins, as well as the antioxidant activity of IA and LFA, showed an increase in their values as the pulp content increased, but their concentrations reduced at the end of the storage period. IA and LFA can be considered excellent sources of antioxidants, being alternative to individuals not used to the consumption of fruits and vegetables. Index terms: Dairy products, functional foods, native fruits, Amazon.
INTRODUCTION
The relationship between ingestion of fruits and vegetables and decreased risk of developing various chronic diseases mediated by the action of free radicals is well established in literature. (AVELLO; SUWALSKY, 2006) . Related to it, researchs on the positive effect of dietary intake of berry fruits on human health and performance has focused on exotic tropical red-black berries in the last few years (VASCONCELOS; GARCIA-DIAZ; JIMENEZ, SILVA, 2013) .
The tropical region of South America produces a considerable amount of native and exotic fruits (VASCONCELOS et al., 2013) , among tropical berry fruits, açai (Euterpe oleracea Mart.) has received special attention lately due to its high antioxidant activity and potential as a functional food or functional food ingrediente (KANG et al., 2010) .
The high functional power of açai makes it a valuable food against several morbidities and mortalities associated with diseases that affect the circulatory system. Fruits are composed of unsaturated fatty acids (FA), which act preventing excessive LDL deposition on the cell walls, while purple pigments called anthocyanins, combat free radicals that are responsible for the LDL-cholesterol oxidation and decrease of HDL levels "good cholesterol" (OLIVEIRA et al., 2015) .
Fermented milk products are a rich source of protein, calcium, phosphorus, vitamins and carbohydrates. The consumption of these products is related to the positive image of healthy and nutritious food, coupled with its sensory properties (FERREIRA et al, 2001 ). In the decade of 1960s, the addition of fruits to yogurt was aimed to mitigate the acid taste and increase the nutritional value of the product with vitami açains and bioactive compounds inherent to fruits (CAVALCANTE et al., 2009) .
In addition to supplementation of dairy products with fruits, there is a new trend in this market, the use of probiotic microorganisms, which act as "biotechnological" or "therapeutic" agents, able to reduce post-acidification promoted by Lactobacillus bulgaricus, or promote beneficial effects in consumers (ANTUNES, 2001) .
Regarding the shelf stability of these products, the post-acidification study is an important step because it reflects the metabolic behavior of microorganisms and is defined as the increase in acidity due to the continuous production of acids by lactic acid bacteria present in these products (LOURENS-HATTINGH; VILJOEN, 2001) . However, the type of starter culture should be considered during the study, since post-acidification behaviors are distinct, for example, the low acidification promoted by probiotic bacteria such as Bifidobacterium spp. and Lactobacillus acidophilus in relation to Lactobacillus bulgaricus, justified by the low proteolytic rate promoted by these microorganisms (GOMES; MALCATA, 1999) .
In this sense, the aim of this work was to study the post-acidification of yogurts and fermented milks added of different levels of açai pulp and evaluate their effects on the stability of anthocyanins and antioxidant activity during 28 days of cold storage.
MATERIAL AND METHODS
Obtaining Açai pulp -Açai pulp was acquired from a particular orchard located in the municipality of Boa Vista in the months of February and March 2014, totaling 5 kg referring to fruits present in three bunches. Fruits were selected considering quality criteria related to skin color (purple) and no visual damage and rot. For pulping, fruits were immersed in water at 50°C for 45 minutes, being subsequently weighted and added of water, the same water used in the immersion step at 1.5: 1 (v / w) water/fruit ratio. Thereafter, fruits were submitted to content removing device and pulp was wrapped in 200 mL plastic containers and pasteurized at 95°C for two minutes, cooled to reach 10°C and then frozen at -18°C until time of production of fermented milks and yogurts.
Production of açai fermented milks and yogurts -Açai fermented milks and yogurts encoded as LFA and IA, respectively, were processed in Agricultural Products Technology Laboratory (LTPA)/EAgro using UHT milk (Ultra High Temperature) standardized to 3.0% fat, with the addition, 8.0% sugar, 4.0% skimmed milk powder and traditional and probiotic bacterial cultures. The processing of fermented milk used 0.08% probiotic cultures containing Streptococcus termophillus, Bifidobacterium BB-12 (BB-12) and Lactobacillus acidophilus (LA-5) present in Bio Rich® Chr Hansen yeast, incubated in oven with air circulation at temperature of 41 ± 3°C for 4 hours. Yogurt was prepared using 1.5% of traditional cultures containing Streptococcus termophillus and Lactobacillus bulgaricus available in Ricaferm YR03 yeast of Ricanata company, incubated in an oven with air circulation at temperature of 43 ± 3°C for 4 hours. After cooling and 24-hour maturation period, açai pulps at concentrations of 5%, 10%, 15% and 20% (w / w) (BRASIL, 2007) were added.
POST-ACIDIFICATION AND EVALUATION OF ANTHOCYANINS STABILITY ...
Fermented milk and fruit yogurts, about 25 ± 2 g, were placed in polyethylene terephthalate (PET) packages with oxygen permeability rate of 94 cm3 / m2 .day (FARIA, 2011) and capacity of 145 ml and kept under refrigeration at temperature of 4 ± 2°C for 28 days. In addition to fermented milk and yogurts added of fruit pulp, natural yogurts were separated and packaged, i.e., without pulp addition and under the same experimental conditions to serve as control treatment during post-acidification evaluation of test products.
Post-acidification studies -Conducted in yogurts and fermented milks at all pulp concentrations and in control treatments without pulp called LFA nat and IA nat. Fermented products were evaluated in triplicate on day 0 and every 7 days for a period of 28 days while pH and titratable acidity in lactic acid (g lactic acid 100 g -1 ) followed IAL (2008) recommendations.
Colorimetric analysis -Color evaluations were performed on day 0 and day 28 of storage by direct reading of reflectance of the rectangular coordinate system "L *" (brightness), "a*" (red and green intensity) and "b *" (yellow and blue intensity) using the CIELAB color scale and Spectrophotometer CM-5 (Konica Minolta).
Quantification of anthocyanins and DPPH antioxidant activity -Quantification of anthocyanins and antioxidant activity of fermented milks and yogurts with 5%, 10%, 15% and 20% (m /m) açai pulp content were performed on day 0 and every 7 days during 28 days of refrigerated storage at 4 ± 1°C.
Determination of total anthocyanins was performed according to method described by Francis (1989) , with some adjustments. For this measurement, solutions with concentration of 0.25 g ml -1 for IA and LFA at all pulp levels, as well as for açai pulp were prepared. Solutions were homogenized with extraction solution (1.5N HCl + 85:15 Ethanol) and maintained at rest for 24 hours protected from light at room temperature. Absorbance was measured at 535 nm in UV-visible spectrophotometer (model UV -mini -1240 -Shimadzu) using extraction solution as white. Results were obtained according to Francis (1989) .
Antioxidant activity by DPPH assay: Determined by DPPH reduction (2,2-diphenyl-1-picrylhydrazyl) by antioxidants present in the samples and quantified from a calibration curve using Trolox as default antioxidant (BRAND-WILLIANS et al., 1995; RUFINO et al., 2007) with adaptations. Stock solutions were prepared with concentration of 0.5 g ml -1 for LFA and IA in all pulp concentrations, as well as for açai pulp. Aliquots were removed and added to the DPPH solution and kept at rest for 30 minutes protected from light, and thereafter, absorbance was measured at 515 nm. Results were obtained using a calibration curve and expressed in μMol Trolox equivalent (μMol TE).
Statistical analysis -Completely randomized design was adopted (CRD) in 2 x 4 x 5 triple factorial (2 types of fermented products x 4 pulp levels x 5 evaluation periods) and data were submitted to analysis of variance (ANOVA) followed by Tukey's test and regression analysis at 5% significance level in computer program system for analysis of variance -SISVAR (FERREIRA, 2011 ) . Pearson correlation (R 2 ) was performed to verify the influence of anthocyanins on the antioxidant activity of fermented milks and açai yogurts.
RESULTS AND DISCUSSION
Post-acidification studies -Observing the average pH values in the different pulp concentrations, it was found that the results obtained in LFA reduced significantly (p ≤ 0.05) and linearly (Figure 1 ) as the pulp concentration increased, showing the effect of pulps on this variable. As for açai yogurt, pH variations did not follow linear decreasing pattern, and it was not possible to make adjustments on regression models up to the second degree. Evaluating types of fermented products, pH values were significantly (p ≤ 0.05) higher in yogurts, which is probably related to the presence of Lactobacillus bulgaricus, since Bifidobacterium spp. and Lactobacillus acidophilus promoted more discrete post-acidification due to the low proteolytic rate promoted by these organisms (GOMES, MALCATA, 1999) . Considering the pulp content x fermented product x days of evaluation interaction, significant reduction (p ≤ 0.05) in pH values up to day 14 was observed in LFA and IA, with subsequent increase in days 21 and 28, adjusting in 2nd degree regression models for all pulp levels (Figure 2) . Among the types of fermented products under study, it was found that IA had greater average pH decreases (12.3%) during the 28-day trial period when compared to LFA (10,8%), observing in both products, that the greatest reductions were found between days 0 and 7. Oliveira e Damin (2003) studied different solids and sucrose contents in fermented milks and also found greater acidification effects between days 0 and 7 of evaluation, corroborating results presented in this study. Contrary to pH, the titratable acidity results for all fermented products increased significantly (p ≤ 0.05) and quadratically as the pulp content increased (Figure 3) . Considering the pulp content x fermented DOI 10.1590/0100-29452017 871 Jaboticabal -SP D. C. dos S. CAMPOS et al. product x days of evaluation interaction, significant increase (P ≤ 0.05) in titratable acidity values in LFA and IA until day 21 followed by reduction on day 28, adjusting in 2nd degree regression models for all pulp levels (Figure 4) . Among the types of fermented product studied, it was found that IA showed average increases (40%) in titratable acidity values higher than those observed in LFA (22%) during the 28-day trial period; meoreover, the increase in pulp content led to greater increases in titratable acidity values during the study period, and IA 20% and LFA 20% were the most acidic at the end of the experimental period, showing possible positive influence of açai pulp for the development of traditional microorganisms and probiotics. These results agree with Barbosa (2007) , who studied different percentages of peach pulp in fermented soy extract with Lactobacillus acidophilus and found increasing titratable acidity as the pulp content increased. However, Leite (2015) Colorimetric analysis -Considering the pulp contents, chromaticity parameters L*, a * and b* showed reduction and significant increases, respectively ( Figure 5 ), as the pulp content increased, indicating that the products became darker, agreeing with the results of Wallace e Giusti (2008). Considering days 0 and 28 of assessment of the average pulp levels in IA and LFA, there were increases in L*, showing discoloration, which is related to reduction in the anthocyanin content; however, the a* values did not differ significantly (p ≤ 0.05) ( Table 1) . Regarding chromaticity b*, there was an increase of this variable towards yellow, mainly in fermented products at 15% and 20% pulp content (Table 2) . These results are consistent with studies by Ścibisz et al (2012) in blueberry probiotic yogurts, who related reduction in L* parameter and increase in b* parameter during the storage of yogurt to the possible conversion of flavylium cation (colored) in colorless or yellowish forms.
To t a l a n t h o c y a n i n s -R e g a r d i n g measurements made in the pulp and in fermented products, it was found that the anthocyanin content in the fermented product was different from levels found in the pulp, showing a drastic reduction in these components when added to the product (Table 3) , which result is in agreement with Leite (2015) . Reductions in the anthocyanin contents in IA and LFA compared to the pulp can be related to the incorporation of oxygen during processing and pulp addition or to the tendency of these compounds to stabilize reactive oxygen species, since the high reaction power the hydroxyl group of anthocyanins with the radical makes it inactive (NIJVELDT, 2001), no longer being possible its quantification. It was observed that increasing the pulp content percentage significantly increased (p ≤ 0.05) the anthocyanin concentrations in LFA and IA; however, the anthocyanin content was higher in LFA compared to IA. Ścibisz et al. (2012) reported that the microorganisms used in food production can generate enzymes causing hydrolysis of anthocyanin in less stable aglycone; therefore, the various microorganisms used in the production of IA and LFA may be related to differences in values. When considering the 28-day storage period, there is further loss of anthocyanins in LFA (50.4%) over IA (40.6%) (Figure 6 ), which is probably related to higher acidification observed in IA. According to Terci e Rossi (2002) , anthocyanins are more stable at lower pH values, which explains the increased stability of these components in IA. Considering the assessment period between days 7 and 14, the highest average losses in pulp content with 28%, and 7.7% reductions were verified for LFA and IA, coinciding with the period of increased acidification of these products and showing a probable relationship between postacidification and stability of anthocyanins. However, in addition to the effects of post-acidification, Gris et al. (2007) and Wallace e Giusti (2008) reported that the stability of anthocyanins in yogurt is also affected by storage, temperature, pH and content of other polyphenols and lipids in yogurt, and therefore further studies are needed to clarify the behavior of anthocyanins in this food matrix.
Antioxidant activity by DPPH method -Regarding the açai pulp, the antioxidant activity found in 100 g of pulp used in this study (Table 4) was below the results found by Schultz (2008) in fresh pulp (9.2 µMol TE g -1 ) and Kuskoski et al. (2006) (6.9 µMol TE g -1 ), being mainly related to its content of anthocyanins (LICHTENTHÄLER et al, 2005) . Barbosa et al. (2016) conclude that antioxidant effects of açai may stem from the neutralization of free radicals, preventing their attack on other molecules, and/or from the modulation of enzymes involved in oxidative stress, showing the importance of this fruit to health benefitis. Considering fermented products, the behavior of the antioxidant activity coincided with the quantification of anthocyanins so that the antioxidant activity increased as the açai pulp content increased (Table 4) , and in addition, the DOI 10.1590/0100-29452017871
Jaboticabal -SP POST-ACIDIFICATION AND EVALUATION OF ANTHOCYANINS STABILITY ... antioxidant activity observed in fermented products was lower than that obtained in açai pulp. However, if we compare the antioxidant activity of 100 g of yogurts and fermented milks evaluated in this study (Table 4) with the results of tropical fruit pulp such as blackberry 4.3 µmol TE g -1 , guava 5,9 µmol TE g -1 (KUSKOSKI et al., 2006) , and jaracatia 4.4 µmol TE g -1 , araçá-boi 1.80 µmol TE g -1 and passion fruit 0.80 µmol TE g -1 (GENOVESE et al. 2008 ), it appears that yogurts and fermented milks can be compared with natural sources of antioxidants, being an excellent alternative for consumers who do not keep the habit of consuming fruits and vegetables, but on the other hand, consume industrialized and easily accessible products such as fermented products. The monitoring of the average antioxidant activity of IA and LFA showed at the end of the 28-day storage period, quadratic and linear activity losses of 61% and 53%, respectively (Figure 7) , agreeing with Leite (2015) . Among the pulp contents, IA 20% showed the greatest reduction in antioxidant activity throughout the study period, showing variations from 7.18 µmol TE g -1 to 2.05 µmol TE g -1 between days 0 and 28, reaching total loss of 71%. For fermented milks, LFA 5% showed the lowest antioxidant activity losses (44%), while other products showed reductions around 55%. In the period between days 0 and 7 of evaluation, more significant reductions in antioxidant activity were observed in IA and LFA of 39.6% and 31.1%, respectively, concluding that the antioxidant activity of these products depends on the stability of anthocyanins. Regarding the influence of anthocyanins in the antioxidant activity of LFA and IA, there was a strong positive correlation (Table 5 ) between these variables, agreeing with Hassimotto et. al (2005), Kuskoski et al. (2006) , who found a positive correlation between antioxidant activity and total polyphenol index and the content of anthocyanins in baguaçu and jambolão and Abe et al. (2007) in Vitis vinifera and Vitis labrusca cultivars and observed a positive association between contents of anthocyanins and antioxidant capacity by the DPPH free radicals scavenging method. Different small letters on the same line show significant difference (p ≤ 0,05) at 5% probability. Different capital letters in the same column show significant differences (p ≤ 0,05) at 5% probability. Different small letters on the same line show significant difference (p ≤0,05) at 5% probability. Different capital letters in the same column show significant differences (p ≤ 0,05) at 5% probability. Different small letters on the same line show significant difference (p ≤ 0,05) at 5% probability. Different capital letters in the same column show significant differences (p ≤ 0,05) at 5% probability.
TABLE 5 -Correlation between anthocyanins and antioxidant activity by DPPH method in açai fermented milks and yogurts with different pulp contents during 28 days of storage. 
Variables in Correlation

CONCLUSIONS
In the post-acidification, effect of the pulp content on pH and titratable acidity in lactic acid in both fermented products was observed, with the lowest values observed for IA. Acidifications were more evident between days 0 and 7, being higher in LFA and IA without pulp addition, which shows the negative effect of pulp on the metabolism of lactic acid bacteria. All fermented products were in line with legislation for titratable acidity. Colorimetric analysis of LFA and IA showed that parameters L*, a* and b* are influenced by the açai pulp content and shelf time. Color loss was observed after 28 days of storage, probably due to degradation of anthocyanins. Anthocyanins were proportionally influenced by the pulp content, and reduced by around 50% and 40% in LFA and IA at the end of 28 days of storage. IA showed more stable anthocyanins due greater acidification. The antioxidant activity of fermented products showed excellent correlation with anthocyanins and decreased with reduced concentration of these components.
